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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a lithium 
secondary batter/ having a high energy density, a large 
charging and discharging capacity and a long cycle 
lifetime. 

SOLUTION: This lithium secondary battery is formed of a 
negative electrode 2 mainly composed of the negative 
electrode active materia! holder, which stores the 
lithium ion by charging and which discharges the lithium 
ion by discharging, a positive electrode 6, which can 
perform the reversible electrochemical reaction wtth the 
lithium ion, and the lithium ion conductive electrolyte 
3. The negative electrode active material holder is made 
of lithium included transition metals nitride expressed 
with a composition formula Li^x-y^N (M means the 
element, which belongs to the transition metals, (x) 
exists in a range of 0.1-1.0, and (y) exists in a range 
of 0.8-1.8). 
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fr, Mrf&ZL i 3 _ x _ y M x N (fc*!.U Mtt. m&&miz 

m-rz>7cm&$kL. xiio. 1 — 1. o<D^m^h<o. 

ytiO. 8-1. 8CC"®iaiCfc5) t't^yf!?^ 

^mm^mmmxh zzt *<&m t -rs y ^ * ^ - 

J*-a&M&&m , g.mik ! &rt>K Li 3 _ x _ y Cu x N, Li 
3 . I . y Co x Nfc5^(iLi 3 . ]( . y Ni ][ N (fcfcU xfi 
0. 1 — 1. 0<D®Sfflir$>t) % yttO. 8~1. 8(Dfg 

[IS*«3 ] B&ia/fcSiL i 3 _ x _yM x N-C'^$tt5 V ^£ 
■I±'amm&&mg.m<t ! ®>fr. MEfcStL i 3 _ x _ y M x N {ti 
ffU Mfi. S^JRtcJg-rSTC^Sr^L,. xfiO. 1 

~i. oo®ffl«c$>5) T**$tL5y^^A-g-^r®^ 

X'&hlxZ t>WT-fc5 r. Z&mt-tzm&ig. 1 *5«ttf 

2 fls««> y * a -j^m?^ 

[»*9U ] KtB/d&tL i 3 _ x _ y M x NT-*$ix5 U 

i: Zft®. t -T 5 ft 1 *5 J; I* 2 iEiftW y ^ ? J» 
[0 0 0 1] 

mm±<vmm$-m] j»-&mmicmi- 

[0 0 0 2] 

[0003] yg=-^-6.-^m?&i±. s*W(cmig$nx 
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^K9W M tf&fiJSU scmBfi-roft^ty^-^A^ 



A,fc*y^^A^BSci-5„ *fc, Dftauc^iyfijA 
y?-?-MfejR*:aHt$;ix&. r^bwasx% A&sft 

M<^5i:^9RgHSr^^-Cfc!? > ASK y * A&Jg 

[0004] y^^A^jgfc5VNtty^^A-g-^(c#t? 
tt*W3LZBMb=^ (Nb 2 o 5 ) , nmt^ y 

(Mo0 2 ) * -Bftft^^ (T i S 2 ) tfOte^ifSfas 
ttlW*ix-CV*5 0 jUxfcotmtt, y^^A=£r^^->{t 

tt^^js^oy ^Arft&icit^T^rc-ifciK y^ 

-rSriaST't. 1 50-3 70 m A h / g <0%1^MM 
[0 0 0 5] 

UtffiV*tW, *±y^-^A«5l^«:^L i 
C 6 t-T5i:, fiftSfcfJ^ftf*, 3 70mAh/g 

6~2. 2 g/cm 3 i:/J^<, ht^PXLfc 
^W^Stt. 1~1. 5g/cm 3 Saffc5fcfc, ft 
it9Sfe9©SItt3 7 0 — 5 5 5mAh/cm 3 i 

^>M^*»?>, 2 0 0-3 7 0mAh/cm 3 ©§iU 5 
ft9'ttt*TV*«£VV— y^^^JSSr^Si: LTffl 
V^fc^a-. AS^aSfc "P ro§fitt 2 0 6 2 mA h/c 
m 3 #e»HSis, ii^fiiET'xE^fc^JRy^^A^ 

ftli6 8 7mAh/cm 3 t!i:5 0 

[0 0 0 6] r <t 9 I^^Mtt^^AtSicffl^fc^ 

v 9-<>j»&m : $:Mmzmi<^tcw,mzit'<x 

9 /J* $ < ft 3 v % 9 F c m&sfe 5 0 
[000 7] ±!5*ittSW^tt, -J&fcSrSEicy ^ 

^>?ASi»tSIC^LT0. 5-2. OViiiSv^fe, r 

»f^«ffi*S0. 5-2. 0V©TL, i5«ESraiR6;T'^ 
fcv*fcv*9lHljaas4>5. U*»t>. *J*«SFa36S 1 0 0 — 
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2oomAh/gt/j^v^» > mmmmmizm^ 

[0008] ifi^, te^^^^-C'L i 2 . 5 C o 0 5 N 

t\ 3 3 0 mA h/g ©JttiSrttS i i ^ftS^jl 
tz mmt^^G 1 [°]*#§g^geil, P 31, 1 
9 9 4) . L*^L^b, ±I2L i 2 .5Co 0 5 N!-±, ft 
MtM\Zi6\,^X^ mjft&L i 2 .5- x Co 0 -5 N-C\ L i ttx 
= 0~0. 7 5 5<D^mXLi>^im^nx\,^^tzli>, 
tt®m& 3 3 0mAh/gt^$<, 
«*K*;fcfcv\, *fc±IBL i 2 5 Co 0 5 N<E>Jtfite«§ 

2 . 3g/cm 3 i. ^^K^i-Jt^T^Ti^V^S^ 
St-@*oT*39, JhiEL i 2 . 5 Co 0 5 N5rAfiU-fflV^ 

fc®?ao^^^=¥— ®m t>, yV ? ^m&fifflzm v 

[0 0 0 9] 

y>a»a»5rajH«r»?8fcu *^^^-*«-c, a>oft£$c 

[0 0 10] 

J&itL i 3 _ x _ y M x N (fcfcU Mfi, ®f££JSI-JSi-5 
tc^St^L, xfiO. 1~1. 0 (DZSffllZh *) , yli 

o. 8~i. 8<Dffim\zhz>) x-$k£tizv?-<?j*tt 
[ooi2] Jb5zBo<t9{-*^iw*;^-cfi, f*.mmm 

LT, *flJ*5£L i 3 _ x _ y M x N (fcfc'U M 
fi, ^^S(-JS-r57C^2:*L, xttO. 1~1. 0 
WgEffitCfc 9 , yliO. 8~1. 8Wg5ffl{Cfc5) T** 

A«fl54MtfitWtt:H:, y ASBUKft LT 1 . 5 V 

WTom&mfelCjo^T, gc^cy^i^^&JfA 

fc„ ^BJT'V ^ ? W&%3> t fi, 5c^#-§-t55 2 1 <D S c 
35^tE*#-§-3 OCOZ n t7tm^3 Q<DYti^b5tm& 
■8-4 8<DC d i:7t;^#-^5 7<£>L a/5^7C^#-§"8 OW 
Hg tf„ 
[0 0 13] *«^©Affi»*K««rfl:-C*)5iHriJ«;L 
i 3 _ x _ y M x N (/cfc'U Mli, S^feSlcSi-57C^^ 
S5U x(30. 1~1. 0 WSSIffiKfc 9 , y«0. 8~ 



1. 8W®SffliCfc5) t?^$tL5y^^A-g-^®^JR 
ttfbflfett. #l;ttf»£^L i 3 _ X M X N (fcfc'U Mtt, 

m&&m\zm-fz>7cm$:3i u xteo. i~i. o©$£ 

[0 0 14] PU^fi£*ftO- 0"Ji-oi>TI5i^-r-5 o 
*i\ ±IEHU^<*tt, ffi^l^i: Ltyf^A (Li) 

fcsv^s^fty^A (Li 3 N) ts^feisfcsvMi 

jl^&JR^-fL^Srfflv^r t/55-C#. ffi^L i 3 _ x M x 
N (fc«TU Mte, S^m{-m-r57C*$-«L, xtt 

o. i~i. ooi5ffli-fo5) icee^-c, mfem&&& 

[0 0 15] J3ct=:. ^Hu^^e., ^SJSfcSvMim 

0f^o«mfi, ^em (f^ffln^by^^^-r^-v 

ft*S(SKJ:t> y^^A^^-^^ffi£gt-r^*-ffii: L 
Tli, UtTKLfcT-fe l>= h y/u^tcif^tt«0 3r>* (I 

[0016] Wt5 y A^C^XOiy 14, iSS^ 
L i 3 _ x _ y M x N (fcfc'L, M»4, S^feJgl-JS-TSTE^ 

Sr*L, xfio. i~i. oo^fflicfc-5) -egifaufc 

0. 8~1. 8 0®ffl^if*LV\ y^O. 8* 
\Zfto -kfrX$?j:\,\ 

[0 0 17] *^lcfflv^mft¥»Jctt, &7kWMWi. 

i>mmx'h% 0 &*.wMm*, -mz x tmt. *<om 
mzmm-tz y ^-'>^m.t^bm^Kx\,^ 0 

Mm<Ol§t&k L.XI*. xfuy*-^h (EC) , 
^ci f U^*— h (PC) s *?* ^-/UX—tfjU 

h (DMC) % v^if 1- (DEC) , 
/U^/^—^^h (MEC) tpOgjtf^TvHg. 
T-T'fD^h^v-^^h^a, 1, 2— 

(DME) , 1, 2—^x-h*'>^?> 

(DEE) , jchdf->^t (EME) 

IB, T-t h= k y h y yHH^a^&atfHfc** 
[0018] *fc, &frmm%£<Dmmk l-c«, l i a 

s F 6 , L i B F 4 . L i P F 6 , L i A 1 C 1 4 , L i C 
1 0 4 , LiCF 3 S0 3> LiSbFg, LiSCN, L 
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iCl, Li C 6 H 5 S0 3> L i N (CF 3 S0 2 ) 2 - L 
iC (CF 3 S0 2 ) 3, C 4 F 9 S0 3 L i tg<D I) ^ V J>J& 

[0019] mft^mmnt l-ti*. w*.t£#v 
3 s o 3 n<n vf-o j»m*mm uts^s^ 7f?^^- 

**ttl@f£mft?«ICfi, L i 2 S — S i S 2 -L i 3 P0 4 S 
^Li 4 Si 0 4 -L i 3 V0 4 3P?£r;Hv>5;i£:;6S-Ct 
5. $f>lc, ^ffitgmft¥Ki: LTIi, MxtfAl Cl 3 
- l -T^vHr'y v?=r>A^n y K-LiCl 5fc-*>A 1 
C ! 3- 1 -if 3 - ^ f M 5 y/U !) n !) 
K-LiCl %*&m^Z>z,b&X%Z> Q 

[0020] *.&w<Dfi.mmm'R$mw* y f- 
vj*-wm&\zm^z>t§&, ies^si-m:, })<?■<> j* 

f^^, ^y^fy, * is if 7*7-1/^ -Jr 

v^rtms. win, y^-frAfcMsizaH-amis 

LiMn 2 0 4l LiCo0 2 , LiNiO 

[0021] &&w<DMfcmvo'g:i%fti*X'hz>mf&&.L 

i 3 _ x _ y M x N (tztz L, MIS, jg^JStcM-TSTC^^ 
»U xttO. 1~1. OiOfEffll-fc 1 ?, yliO. 8~ 

1. 8coasiaic*).5) x'm£nz>>j i 7-<?j*^mm&&m 

1. 5 V^TW^-^mSfliteW^lllCfcvT, iS^ficO 

[0022] w:. m&wiDMmtzvomim&ff) 1 or* 

fcSifflJ&iSL i 3- x - y C o x N (xliO. 1~1. 
ffll-#>9, yliO. 8~1. 8W©iiaiw*)5) li, Z*l 
%.Xtob*iX\,^£\<\ «ffc/jrffi (WTvtSi:^) 
ffiLT*3!J, L*>t>, rwyftii^i£iH)i;:yf ^A^pa- 
^llfc^asT'^s;: t£3l®licj;9^jL^ roy 

*BHt, tfefc&ftfcDL i 2 5 _ x Co 0 5 N (x = 0~0. 7 

OloT-fc^la^L i 3 _ x _ y Co x N (xliO. 1~ 
1. OOfafflldfcf?, yliO. 8~1. 8<£>feBlc£> 
5) li, tMf©Li 2t 5- x Co 0 5 N (x = 0~0. 

[0 0 2 3] Z<D£?\Z> 45B9l0ft1S&4fefHM«ft 



[00 24] Lfc^oT, AUS^K^if Lt, * 

^iq«SLi 3 . x . y M x N (fcfcu Mi*, m&&m 

lcJSi-57c^Sr*Uv xliO. i~i. o^Slc$) 

0, yiio. 8-^1. 8<Dmmizhz>) x-gtzHzv?- 

5t{*£*U -y-W ^/W*ift;6S*<^y^A-&®fe£-f^fc 
[0 0 2 5] HJSWIC«ti3*^Sr$P > |CfiL< 
[00 26] 

I mmm 1] mi a^^miz xzy^v ^ —kmmv a 

® 1 irtji^T, 1 tt^tH^— ^-Xfct), ^-^v 

fll 6mmlcrr^S4V^ctW^ffi^L.fct>iOT-*)S <> 3 
li^7kmfl?®T'fo t) . ECi:DEEO*«Jtl : 1 (D& 
-a-^IC, L i C 1 0 4 S: 1 ^e/U/y y h/U^Lfct 

[0027] 4 li^y hWSfcii^y i^uy© 

i Co 0 gN^fflV^fllfiK^ixfc^ffl^-C'fcS. ^<??f^ 
ffl^li, LfcB^ffc^KJ&lCi t) UtLiCo 
0. 5 N i:^mfflT**>5T-lr^U>^7 y ^ i:i^*^jT**> 
•5#y -r hv^/U^-n^^uvS-fiftit 7 0:2 5:5 
T'^, JE@L, ->-l-«rfEKU it^l 6mmlCfT*) 
^^fctOT'fcS. 7liT i hjKO^m*T-fc»), 

Hutef^fflS 6 ic**fc«tt-e, ftmmt—* 5 ic^# y 

h^g$ixT^5„ 8 s/ hT-fc f)*f®-ir-^ 1 

ffiH^— ^ra □ ®L&ftm\z$r v & if bit. a* L x> e>ns 

[ 0 0 2 8] r<Or^ h-fevl-£:0. 0~ 1. 4V©fI 
1 mA»lffit-*ftl^ Lfc„ rOB#W2iJ->f 

plw, LiCo 05 NI3, 0. 0~1. 4 V (DW£$em 

fc 0 %wcm\zwom-&<DmmtmT\*.mv>hft-r. 50 

■y-^^/H^i^lc^B^iJjgUfCo L*^t>, 2c 5£ 
lC^St^$r^t))gLTV>Si: t^fttt, 5 6mAh^§ 

SSlC^i-^i:, 8 5 0mAh/g£OJtSS^#^n 
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^ofi 0 *fc, f1M8*g£Xi®|5]fr§£BT-#WLfctfS, V 
*f- * A&Jgtf) XJSUeIJp** — >H.mV> fetUt it. 
[0 0 2 91 

mmw2] mfemie>ttmm6<DL i co 0 . 5 nstl 

i ! 15 Go 0 5 N{c#x.Tx^ hir/i'Srf^SiLfc. ^co 
f^fflUfi, ±&Lfcte^SJ&lc«fc!>^5cLfcL i L15 C 
o 0i5 NtitffW7tf^7-^ ir^^T- 
fe55K!)fh77;Utoxfu>^ItJt7 0 : 2 5 : 
EIU ->-h<H£S»U ISl 6mmlCl*T 

tOSrfflvfco Z.<DT* h-fe/Hi, 0. 0~1. 3 V© 
9!ib2>&<£5t-, L i ! 15 Co 0 5 NtO. 0~1. 3 

*t1\ 5 O-^-f^/UWi^lcsft^l^iJigUfc, U 

3mAh#?)Ji, £ft«rftflllS©A«i£W«i${£«>* 

fi^fct)OSfl:IC^-r-5t, 7 8 5mAh/g(Ditt 

[0 0 3 0] 

[HJS0iJ3] HJ£F!ll«9f£ffl®6<£>L i Co 0 5 NSrL 

1 1.24C00 . 5 NlC#^Tf^ h-fe^Srf^HUfc. w« 

1. 24 Co 0.5 Nt ^ ia ^ ,J ' t? * >;5 ' :r " fei5F '^ v:/ ^ 

f i?]T*$)i^y f h 7 U>5rIlJt 7 0 : 

2 5 : BEffiU l-£fE$£U WM\ 6m 

tmch<o&m\<^tz 0 ~cdt* h-fe/Ki, 0. o~i. 
fee r^>Bfo2f--<^/uico^m^^iii4{c^-r <> 

m4frbWbfrte£?\^ L i ! 24C o 0 gNtO. 0 

~1. 2V(OW£WMX\ W^.m^\)^6^^r>^& 

fit*. 5 0mAh#?>*U r*U«rffffl«<Oftffi»»H« 
»fle©aftSfc9 0gaiC»DLi-*i:» 7 5 0mAh/ 

Hr/u«r$h»U flMBlS&SSrS EMX'«^LfciS. \* 

S»5r fcas-e£fcjft>ofc. f£JHffi«rX*Wel*fiK 



[003 1] 

[HiSW4] 5IS£tf|l<0{1MH1li6<E>L i Co 0 5 NSrL 
* 1.05 c oq ^NIC^x-Ct 1 ^ hir^&fNgib'fc. 

o 0 4 N t mm^lX'h^T^^U^y^ y?k %kmft\X 
hZtf!)^ Yvyf^^^u^-^mtl 0 : 2 5 : 
5T*S£\ JEJg U hSrf^EiL, SSl 6mml-lT 

twSrfflVfce z\(Dtx Mr;Wi N 0. 0~1. 2V© 
91 9 {;:, L i x 05 Co 0 4 Nt0. 0~1. 2 

vv>mBE&mx. ^m&izv^-v^i-^&p&m. nm 
n-r, 5o-y-'<^/nw_h^i^s5cm^ , jigufc. u 

iSfcDWMI^tSt, 8 5 OmAh/gOltSg 

Lfcis, y^-^^^SWXi^lHlKf^— V^fe-SCt 
[0 0 3 2] 

[Hit&#]5] HJfet«Jl ro^ffll6roL i Co 0 5 NSrL 

(i. -t5E bfc^^t^J^I' J: •? Lfc L i 
0. 96 c 0 0. 4 N * «W8*i^4> 5 Tir ^ is 77*7 y ^ t ft 

2 5 : 5T'2g£\ Ki£L, hSrf^SU, ii:Sl6m 

tmihV>&Ki^tc, ;«T7 hir/Ki, 0. 0~1. 
4 V tf>mi±$Eia, 1 m A <omMX%W(M0kWX^. L 
fc„ r<75BfW2-y-W^^@£O^Ej5clgft^SrEl6tC^-r o 
mGfrb*fthfrf£&0\^. L i 0 96 Co 0 4 Nt>0. 0 

. ~i. 4v<DW&$mx^mmz})?-$M.'(*>&i& 

fttt, 4 8mAh#f>tl, rtt^f^ffl1S<DA@?&^H» 
if^fift^fctJ^SfttC^-rSi:, 8 9 0mAh/ 

h-tA'Sr^WHU f^ffl^*SSrSEMT-®^Lfc^ {f 
fflffi*ffil'y^^7A^JSWtffttJ^>K7-< hcOfigft^ 

*t>5 - 1 «-e#^*»ofc 0 
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[0 0 3 3] 

[SU60«|6] HJS0iJl^)f^ffl^6OL i Co 0 5 NS-L 
i 0 95 Co 0 gNlC^xT^^. V-tJ^ttm^tie 

0. 95 C ° 0. 6 N ^ SHCW"*?* 57tf^7'^ti 

;t#Jx*£>5#y^- h77/p^D^u>^aa:Jt7 o : 

2 5 : 5T*ig-a\ SSL. h«rfls»U SSl 6m 
mICfT*>gcV\fct«DX-;fc.5„ fMM&6»*tt* JQ£0!ll 
irl^Ct>WS:fflv>fc: 0 rcD^J* h-fcr/Hi, 0. 0~1. 

fc. - <D&f<T> 2 ^ B (Djffim&j&irgl 7 l-^-To 
Hl7^f)^fj^J:9lC, L i 0 95 Co 0 6 Nt>0. 0 

~i. 4Vtf>*JE«Sfflx\ -zjmttoizv ^b^-mr^^R 

ais. 3 9mAh#^ ^fo*ifcmm<ry&m£Von& 
fttiwmmm tz y <om&\z&M-j-z t. 7 2 0 m a h / 

fgfesrt^x-^&av^fc, HFmm&xmmvm 

[0 0 34] 

[HJ£#J7] HJSWl<0^6©L iCo 0 5 N5:L 
» 1.5 N io.sN^*-"^* h-fe/W^r^Lfeo r^ff 

n i 0 5 N kmmmx'frZT^is^zf? y ? tmmm 

5 : 5 X*g-£\ mm U h Srtf^ U 1 6 mm 

ft^SrIH8(c:^-r 0 (Sl8 74^^t>^<t Li L5 
Ni 05 NtO. 0~1. 4 V(Dm&$8MX\ ^igi&OlZ. 

MLX^^t #<0^ft»i. llmAh#t)Jl, wHSrf^ 
1 7 5mAh/g©it^ft^#lbnfCo tcJeSc 

[0 0 3 5] 

im^M8) IKWl«^ffl)i6WLiCo 0 5 N$:L 
i i.09 Cu 0.4 N,:§iT ^ X h-fe;U$-^Lfc, Z<D 



i. 09 c u o. 4 N kmm-vbZT-k?- ^ * tag 

^]-ei>55Ky ^ h^^/u^-nm^^vSrgftJt 7 0 : 
2 5 : 5T'^ ESU ->-^«L. Igl6m 

Sft^SrlH 9 lc^-r„ ^9*^^P>i^«c«t9t-. Li 
1.09 Cu 0 ^N^O. 0~1. 4 V<£>fiffiS£IfflX, Wig 

lc# ? ^»<7>:fe&fr{g;Tfci:fg«> <b *ti\ 5 0 * 

jSfttJjSLXVS t^O^ftli, 4 2mAh#?>Jx x rtt 

-T-Sir. 7 2 3mAh/gOJtSfti5#£>nfc 0 

(Dxi&imft^-r—^&mibz r t text ttt^tz, 

[0 0 3 6] 

1.5 vWT<?3^.^ffi^Of5ffl[-*Jl^T. 

^ms^ffitcy^^A^Mowai-^-x^ kt'T h<£>3£ 

[0 0 3 7] LfctfSoT, iS^^=¥— 

[msoja^^tftp^] 
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